272,000 rad/s, which enabled us to detect single digit microsecond motion (3.4 µs). Before the spin-lock interval, all the spins under investigation were aligned with the off-resonance spin-lock field by applying a phase and amplitude modulated adiabatic RF pulse of 4 ms with a 100 kHz sweep width. [3] Rates were measured with a four point sampling scheme per RF amplitude, where the spin-lock delays were kept as 2, 45, 90 and 125 ms. The entire experiment was carried out in an interleaved fashion, where the spin-lock delay and RF amplitudes were varied randomly to have minimum heating effect (less than 1 K)
Data Processing and Analysis
The interleaved spectra were separated and co-added using a PERL script (in house) and were processed with NMRPipe. [4] Peak intensities for each spectrum were obtained using the model based batch-integration method implemented in the Computer Aided Resonance Assignment (CARA) program. [5] R1ρ values at each spin-lock frequency were determined by fitting the intensities at different spin-lock delays to a single exponential equation ( = 0 * exp[ 1 * ]) and the corresponding errors were obtained from the residual of the four point fits. The effective spin-lock field (ωeff) and the average R1ρ values were calculated following the previously described method. [2] Residues that showed a difference in R1ρ between the maximum and minimum spin-lock frequency of more than 2 s -1 were considered to exhibit significant chemical exchange and fitted to the equation,
in order to extract the intrinsic transverse relaxation rate (R2), the chemical shift variance (φex) and the exchange lifetime ( ). Errors for the fitted parameters were calculated by a Monte
Carlo simulation with 500 runs. R1ρ RD data from each temperature was fitted with equation 1 following a Akaike Information Criterion (AICC) based clustering approach (in house) and the minimum AICC value was achieved when all the RD curves were fitted to single global timescale. R2 and ex were considered as individual parameters for each residue during the fitting process and they are listed in Supplementary Table S1 . Results, obtained from individual fitting of are listed in Supplementary Table S2 . The global obtained at various temperatures was then fitted with the Arrhenius equation to estimate the activation energy for the global exchange process,
where Ea and A are the activation energy and the attempt frequency, respectively.
The Eyring equation can also be used to determine the free energy and exchange rate (see Figure S1 for a plot of vs 1 ):
where is Boltzmann's constant, ℏ is Planck's constant, and ∆ is the Gibb's free energy.
Based on a linear fit of data in figure S1 , the Gibb's free energy was calculated as 60.9 ± 5.0 kJ/mol and at physiological temperature (310 K) was extrapolated to be 409 ± 126 ns.
ERMD Generation
The RDC restrained ensemble was generated using ensemble restrained molecular dynamics for GB3 using six sets of previously published NH and CαHα RDCs, [6] with errors of 0.1 and 0.2 Hz respectively. Calculations were performed using the ERNST method [7] to produced twenty 64 member ensembles, which were combined to obtain a final ensemble of 640 members. JNC' measurements were carried out on a sample of 5 mM 15 N, 13 C-labeled GB3, in 50 mM phosphate buffer, pH 5.5. We utilized the previously reported 2D long-range TROSY-HNCO experiment to measure 3h JNC'. [8] All the NMR measurements were recorded on a Bruker Avance III spectrometer, operating at a 1 H frequency of 700 MHz. Each spectrum was recorded with 1024 (t2,max = 105 ms) and 50 (t1,max = 23.7 ms) complex points in the direct (t2) and indirect (t1) dimension with 128 and 512 scans per t1 increment, for the reference and cross measurements, respectively. The spectra were processed with NMRPipe [4] and the peak intensities were obtained using the Computer Aided Resonance Assignment (CARA) program. [5] 3h JNC' was calculated as previously described. [8] a The level of agreement between the NMR observables and the GB3 structural data is represented by a quality factor (Q) as calculated by the following equation [9] : Q = √ [13] . c X-ray structure [14] d NMR structure [15] e Newly refined NMR structure [16] f Ensemble Restrained Molecular Dynamics (ERMD) 640 member ensemble calculated as described in this publication. g Exact nuclear Overhauser effect (eNOE) 60 member ensemble [17] h B-factor/RDC/ 2 160 member ensemble [18] i Expectation Maximization 500 member ensemble [19] j ORIUM dynamically averaged structural data [20] k Hydrogen bond scalar coupling data presented in Table S3 . l Scalar couplings from Ref. [11] . These three sets of scalar couplings were used in the refinement of 2LUM. m Back-calculated using the relationship cos( ) = −0.163 + 0.819cos ( − 60 ∘ ), where is the angle between the NH N and C  H  vectors and is the backbone dihedral angle. [21] n Scalar couplings from Ref. [16] . o Cross-correlated relaxation (CCR) rates were back calculated using the following equation, [22] Γ YH/ZH = ( , where 0 is the magnetic susceptibility of vacuum, ℏ is Planck's constant, i is the gyromagnetic ratio of nucleus i, iH the distance between nucleus i and H, the correlation time of GB3 and the angle between bond vectors YH and ZH. For the ensembles, an ensemble average was determined, 〈3 costhe Q-factors for the CCR rates, was optimized to maximize agreement with the experimental data and, thus, absorbs any dynamics associated with the individual vectors independent of each other, i.e. fast librational motions [23] . Table S5 reports the calculated for each structure and ensemble. p CCR rates from Ref. [19] . q Residual Dipolar Couplings (RDCs) were back calculated using a single alignment tensor with ORIUM [20] and taking the ensemble averaged structural coordinates for the ensembles. r RDCs from Ref. [6] . RDCs used in the refinement of New, ERMD, EM8 (only a subset) and ORIUM. s RDCs from Ref. [16] . RDCs used in the refinement of New. t RDCs from Ref. [15] . Alignment tensors for each condition were calculated from both DNH N and DC  H  simultaneously and used to back-calculate DC  C' and DCN. RDCs used in the refinement of 2OED, New and the B-factor/RDC/ 2 ensemble. u RDCs from Ref. [24] . Alignment tensors for each condition were calculated from DNH N and used to back-calculate DC  C' and DCH N . v RDCs from Ref. [24] . Alignment tensors for each condition were calculated from DNH N and used to back-calculate DC
RDCs used in the refinement of New and EM8 (only a subset). Table S5 : Rotational correlation times (c) in nanoseconds from fitting cross-correlated relaxation (CCR) rates to the indicated structure or ensemble. a To estimate the rotational correlation (c) time for protonated GB3, we utilized the TRACT measurement [25] at 298K, which yielded a value of 3.6 nsec. References for the static structures and the ensembles of GB3 are given in Table S4 . b The lower c values for the static structures reflect the absorption of both fast and slow vector motions by c during fitting. c Assuming a uniform amount of fast librational motion ( ) for all bonds (defined as A or B) in GB3 ( = 0.95) [23] , the fitted c values determined from the ensemble representations of GB3 can be scaled (
) in order to compare to the experimentally determined value for GB3. Based on the fitted c values presented in this table for the CCR rates presumably measured with the same protonated GB3 sample (NH N (i)/CH(i), CH(i-1)/NH N (i), and CH(i-1)/CH(i)), we can report a range of 3.28 to 3.53 nsec, close to the value of 3.6 nsec measured in house on a different sample of GB3. d Reference [19] indicates that both protonated and perdeuterated GB3 were used for the CCR measurements, though it does not mention which measurement utilized which form of GB3. Given that the only CCR rate a perdeuterated protein could provide information on is the NH N (i)/NH N (i+1) CCR rate, it stands to reason that different sample conditions, in addition to the perdeuteration, may explain the lower c values for the NH N (i)/NH N (i+1) CCR rates when compared to the other 3 CCR rates which could have been measured on the same protonated GB3 samples. Figure S1 . Conformational exchange rates (kex = 1/τex), obtained from the global fitting of RD data, are plotted against temperature. Solid red line indicates fits of the experimental data where the Gibbs free energy was calculated from the slope of the line as 60.9 ± 5.0 kJ/mol and the lifetime of conformational exchange at physiological temperature (310 K) was extrapolated to be 409 ± 126 ns. Figure S2 . Chemical shift variance prediction (φensemble) from RDC derived structural ensemble of GB3.
Supplementary Figures

H (A) and
15 N (B) chemical shifts were extracted from the 640 member ERMD ensemble, using two different chemical shift predictors; SHIFTX [26] (red) and SPARTA [27] (black). The N-site jump model [28] was assumed for the calculation of φensemble. The shaded region indicates the stretch of residues that display RD. 
